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lUlTIONAL MNlSaSI COIOIITXBE FOR AERaHULUTICS 

MEMORAMDUM HEPOaT 

•■THE EFFECT OP ITLIDIHES ON TEE LOAD-CAHRyiirG CAPACITY 
OP AH AIRGHAFT-BHGPIE OIL - II 

. By ^Iter.T^. OIbqzl and- Robert Av.*Spurr 

Tests irere made to continue a study of the effoct of ^tylidlnee 
on the load->oarrylng capacity of on aircraft-engine nil in several 
test devices. As part of an Invostigatlon on the suitability of 
3iylldines as on antiknock componont in aviation gasoline ^ Navy 1120 
lubricating ollj both new and usod« ajid Navy 1120 lubricating oil, 
both new and used, to which had boon added 1 poroent by weight of 
comnorcial mixod stylldinos were testod in a Shell four-ball xnacrxine, 
an Almen machine, an SAE ortrome-pressure lubrlcant-te sting mchinOf 
and in em NACA bearing-tosblng attaohmont* Data from a previous In^ 
vostigat^on on tho erfoct of a 2-porcont addition of :ylidinoB to 
Navy 1120 lubricating oil in these machines are presented for com- 
parison. Tho results obtained arc suramarizod in tho following table: 



PERCENTAGE CHANGS! TflTR ADDIi'IOtf OP XTLIDINES TO NAVY 1120 OIL 





Navy 1120 


Mavy 1120 


Usod Havy 1120 




oil plus 


oil plus 


oil plus 1 per- 




2 percent 


1 percent 


cent xylidines 




xylldlncB^ 


3cylidinos 


(percent) 




(percent) 


( percent) 




Four-ball Vnohlno s 








Time for 360 rpm deceleration 


-5.3 


^0.55 


^1.0 


Coefficient of sliding friction 








at contact surfaces 


3,4 




^.99 


Almen machine: 








Pall\are load 


-15 


-17 


-14 


Coefficient of friction, all. loads 


35 


11 


6.0 


Wear- scar width 


55 


0 . 


87 


8AE mchlne: 








Scoring load 


-85 


-a.7 


LtO 


NACA attaohToent: 








Failure load 




b 




Series 1 


-5.1 


. 0.81 


$-0.73 


Series 2 


-8.2 


-2.8 





*Data from a previous NACA InveBtigation, 
Values are thought to be smaller than oxperiniontal orror^ 
^Sufficient Tisiken cups mroro not avallablo to permit testing of used 
oil. 
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The tests -with the four-ball naohlno and the NACA boarlng-te sting 
attaofament showed no slgnif loant change in load oapaoity on the addi- 
tion of 1 percent stylidlnes. The reduotion of load oapaoity on the 
Almen naohine on addition of either 1 or 2 peroent xylidinos T/as 
about 15 percent for both new and used oils; that for the SAE machine 
with new oil and 1 percent xylidines was about 9 poroent. Addition 
of 1 percent by weight of aylidlnes decreased tho load-carrying 
ability of new and used Navy 1120 lubricating oil in the Almon and in 
the SAE machine s. It was without significant of foot on tho perform^ 
anco of now and used Navy 1120 oil in the Shell four-ball machine and 
in tho NACA bearing-testing attaolimont. 



IHTRODCCTIcar 

The tests of this report aro a part of an investigation oond^jotod 
at the request of the Army Air Forcos on the suitability of xj^lidines 
as an antiknock component in aviation gasolinos. The work reported 
is a continuation of a previously published study (rcforenco 1) of 
the of foot of :(ylidinos on the load-carrying capacity of an aircraft- 
enjrine oil. Specifically, Navy 1120 lubricating oilj both now and 
UBod, and Navy 1120 lubricating oil, both no%T and usod, to Triiich had 
boon added 1 percent by weight of a ocmmorcxal xylidino mi:rburo 'riore 
tested in four test devices. Data from refer once 1, which show tho 
effect of 2-peroent addition of SQ.'-lidines on tho load-carrying capac- 
ity of now Navy 1120 oil, are also included. 

The tests wore conducted at the Aircraft Engine Research Labo- 
ratory. National Advisory Committoo for Aeronautics, Cleveland, Ohio, 
during July and August 1943. 

TYPES OF OIL 

New and used Navy 1120 lubricating oil and blends of each of 
these oils v/ith 1 percent by weight of a commercial xylidine mixture 
were used in the tests. Tho usod oil had lubricated for about 200 
hours a 14-Gylinder radial air-cooled engine operatod in a variety 
of test programs. Make-up oil had boon added to the original 250 
gallons in the circulating system at the rate of about iO gallons . 
evBry 6 hours. Tho results of laboratory inspection of the used oil 
are as followst 
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AS&LYBIS OF USED HATT IISO OIL 

{Conrerslon of visooslty In oontlstokes to visooslty In Saybolt 
Gooonds A.S.T.M* designation D 446-39; vlsoosltQ" Index by 
A.S.T.lf. designation D 567-40 !lO 



Temperaturo 

(Op) 


Klnomatlo 
vi soosity 
(centistokos) 


Saybolt 
univorsal 
visooslty 
(seo) 


100 
210 


364.1 1682 
24.9 116 


Visooslty Index 


98 


Naptha insolublos poroent . 


.62 


Chloroform 6olublo« poroent 


.12 


Neutralisation number 


.12 


C onrad son carbon-. . por oont 


1.35 



APPAILilUS AKD TEST IROCEDURE 

The apparatus omployod, namely, a Sholl four-ball maohino, an 
Almon maohiue, on SAE oxtromo-prcssuro lubrloant-t08t.lng machine j 
and on KACA boar Ing-to sting attaohmont^ and tho test procedures fol- 
lowed wore tho samo as those dosorlbod In roforenco !• 

RESULTS Aim DISCTJS3I0K 

Tho Sholl four-ball maohlno^ - Tho ro cults of tho tests aro 
shomi i:'i figioro 1 and In the following tablo: 



Type of oil 


Average time for 
560 rfon decolor- 
ation (Tnin)°- 


Average oooffloient 
of sliding friction 
at contact awfaces 


Havy 1120 oil^ 
Navy 1120 oil plus 2 por- 
oont xylldinoa^ 


2.220-d£.011 
2.147t0.019 


0.1109:i0«0006 
0.1147^0.0010 


Navy 1120 oil 

Navy 1120 oil olus 1 per- 


2.S62dO.017 

2^376 JO. 009 


0.1054d:0.0008 


Used Navy 1120 oil 
Used Navy 1120 oil plus 
1 percent siylldlnos 


2.412dO.012 
2.38«b0.005 


0.1012iO,0006 
0.1022±0.0002 



^Average of five runs* 
^^ta from reforonoo 1» 



As oan readily bo aeen from figure 1^ the addition of 1 poroent by 
weight of xylidinos had no significant effect on tho ooeffioiont of 
sliding friction with cither nerr or used Havy 1120 oil. Tho aver- 
ages for tho decoloration tines for the ruas before bho addition of 
1 poroont jcylidines, ns shorai in the tablo, differ from those after 
the addition by omoimts that are of tho order of the probable errors, 
Tho addition of 2 percent scylidinos incroaseu the coefficient of 
sliding friction v/ith Navj- 1120 oil by about 3 percent (rofurenco 1). 

Tho cooff icionts of sliding friction obtained -with tho used oil 
are slightly loiror than tho3o obtained -with tho now oil, Tho dif- 
ference bctvraen the coofrioionts of friction obtained with new Navy 
1120 oil for this paper and for roferonoo 1 can be oxplainod at least 
in part by the fact that different sots of balls in different stages 
of vgoar wore used. 



Th o Almcn machine « - The average Almen test results oiid their 
probable errors as determined from 10 runs with oach oil sojiiplo wore 
as follows: 



Typo of oil 


Average fail- 
ure load 
(Ib/sq in.) 


Coeffi- 
cient of 
sliding 
friction 
at 1000 
Ib/sq in, 


Average coef- 
ficient of 
sliding fric- 
tion 
(all loads) 


leverage v/idth 
of YToar soar 
(in.) 


Navy 1120 oil^ 
m-vy 1120 oil plus 

2 percent xyli- 

dinoB*^ 


4100±580 
S500t370 


0.17 
.23 


o.mo.oi 


0.0491:0,010 
0.066:10.021 


Na^ 1120 oil 
Havy 1120 oil plus 
1 percent syli- 


42OQt^0O 

35O0fct44O 


0.20 


O.lSEfeO.Ol 

0.21;t0.01 


0.05&i:0.004 

0,035±0.007 


Used Navy 1120 oil 
Used Havy 1120 oil 
plus 1 percent 


5100^770 
440Qti40 


0.21 
.22 , 


0.20*3.01 
0.201:0.01 


0,033±0.007 
C.04r2:fc0.012 



^•Data from reference 1» 



Iri the -^Imen test the of foot ef 2 percent xylidinos added to now 
Navy 1120 oil was to dcerease tho failv*re load hj About 15 percent, 
increase the oesfficiont of sliding friction by about 35 percent, 
and increase the wear-soar width by about 35 poroont (reference 1). 
The effect of 1 percent xylidines added to new Navy 1120 oil was to 
dccreaso the failure load by about 17 percent; increase tho ooeffi- 
oiont of sliding friction by about 11 percent, and cause no 
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observable variation in the average wear-soar width. The effeot 
of 1 peroent xylidines added to used Navy 1120 oil was to deorease 
the failure load by about- 14 peroent^ increase the coeffloient of 
sliding firiotion by about $ peroent, and increase the wear-soar 
width by about 2? percent* 

The disorepanoies in the results of tests on new Havy 1120 
oil for this paoer axid for reference 1 may be ascribed to variation ■ 
in the ocmposition of tho oil and to experimental error* 

The addition of xylidiaies decreased the load-carrying ability 
of lifavy 1120 oil in every case tested in tho Alnen machines It is 
of interest to note that the used oils exhibited slightly greater 
load-carrying capacity than did the new oils* 

The SAE extreme-pressure lubricant-testing machine. - The 
average scoring loads ajid their probable errors in the SAB machine 
tests were as follows for 10 runs on oaoh samples 

Scalo reading 

' (lb) 

Havy 1120 oil (reference l) 138^^2 
Havy 1120 oil olus 1 percent xylidines 126^1 
Navy 1120 oil plus 2 percent xylidines (refrronoe 1) 106db4 

The effect of xylidines vms to dooroase the load-carrying 
ability of new Navy 1120 oil by about 8.7 percent f pr a 1-porcent 
addition and by about 23 porcont for a 2-percont addition. Although 
tho uffect of a 2-pcrcent addition of xylidines was probably outside 
experimental error, as shown by tho fact that tho difference between 
tho scoring loads for tho two oils was four times the "moan probable 
error for those two observed loads, the of foot of a 1-pcroont addi* 
tion of xylidlnos was, by tho samo critorion, hardly greater than 
the oxporimontal error. 

Sufficient Tlinkon tost cups wure not available to permit test- 
ing usod oils in tho SAE machine. 

The KACA boaring-tbsting attaohmont* - Tho results of the two 
tests on the now oil are shown in figure 2 and those of tho two tests 
on tho usod oil are shown in figure 3* It is ovidont that no con- 
clusion can be drawn as to tho effeot of tho addition of 1 peroent of 
xylidines on tho load-carrying capacity of tho oils. Tho averages for 
the 10 runs before and aftor addition In eaoh series of runs arq given 
in tho following table' 
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Typo of oil 



Serlos 1 I Sorios? 



Avorago failure load 
(lb/eg 4ru of projootod aroa) 



Na^ 1120 oil^ 

Nav^ 1120 oil plus 2 pcroont 




xylidinoB^ 



3000*L7 



2920i:9 



Nayjr 1120 oil 

Navy 1120 oil plus 1 poroont 



2473il5 



255^38" 

2763:^=3 1 
3050436 



yyl^j^dinofi 

nsod Navy 1120 oil 
Used Navy 1120 oil plus. 



2493±3Q 



3l66da4 



1 jeropirt xylld^pas 



il42^ 



^Data from roforcnoo 1. 



Tho tosts of roforence 1 showed tliat tho addition of 2 poroont 
by -woijsht of xylidines dooreasod the load-oarrying capaoitj'- in this 
maohino by about 4 noroont. In thcso tosts an avoragc- deor-'jaso in 
load oapaoity of 1 oorcont rosultod for tho now oil and 2 poroont 
for tho usod oil on tho addition of 1 poroont xylidinos* Ihoso 
values arOf howovor^ probably without signifioanoo on account of tho 
largo scatter of tho oxporimontal points. 

Inasmuoh as tho load oaoaoity found for an oil in tho bearing 
maohino doponds on tho previous history of tho bearing, only thoso 
values obtained imaiodiatoly before and after tho addition of xyli- 
dinos should bo ompared. Each oair of averages of 10 such values 
is onolosod bctv/con tho horizontal rules in the table* 



The results of thoso tosts arc what might have boon expected 
from a consideration of tho work of reference 1. The effoot of tho 
addition --^f 2 percent xylidinos on the performance of now Navy 1120 
oil was very small in the four-ball ai:d the bearing-testing machines. 
IThon only 1 porojnt xylidinos was added, tho effect was lost in 
experimental error. For tho other t<.vo machines tho effect of the 



CONCTJJSIONS 



addition of 1 poroont xylidlxies on the -variables measured mas somo- 
what less, in general, than that of adding 2 percent xylidinos* The 
bohaTlor of the used Navy 1120 oiJL vas similar to that of the new oil 



Airox^ft Engine Hoaearoh Laboratory, 

National Advisory Comniittoc for Aoronautios, 
Cleveland, OhiOf Soptembor 11, 1943 • 
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Figure 1* - Sffeot of 1 percent by veight of xylldlnee (added after run 14^} on the time 
of deceleration of a Shell four-ball wear top from 7^0 to 3^0 rpm. Weight of top» 
30.7^ povnda: diameter of jteal balls \/S inch« 
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Figure 2. - Effeot of 1 percent by weight of xylidinee (added after run 10} on the load« 
earrying capacity of new Navy 1120 oil in a 1 3/l6- by 1 3/l6-inch bronte bearing. 
NACA bearing-testing attachment; oil-in temperature: series 1, 147^ T; series 2| 1^1^ F 
oil pressure: series 1» 6o pounds per square inch; series 2, 32 pounds per square inch; 
loading speed, 6000 pounds per minute; speed, 170S rpn. 
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Figure 3. - Effect of 1 percent by weight of xylldlnea (added after run 10) on the load- 
carrying capacity of used Navy 1120 oil In a 1 3/l6- by 1 3/lo-lnch bronte bearing. 
NACA bearlng-teetlng attachment; oll-ln temperature: series 1, 147^ F; series 2, V\9r f 
oil preesure: eerles 1, 32 pounds per square Inch; series 2, 35 pounds par square ineh; 
loading speed, bOOO pounds per minute; speed, 1703 npm* 
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